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METHODS OF MANUFACTURING INTEGRATED CIRCUIT DEVICES THAT 
INCLUDE A METAL OXIDE LAYER DISPOSED ON ANOTHER LAYER TO 
PROTECT THE OTHER LAYER FROM DIFFUSION OF IMPURITIES AND 
INTEGRATED CIRCUIT DEVICES MANUFACTURED USING SAME 

Related Application 

This application claims the benefit of Korean Patent Application No. 00- 
35708, filed June 27, 2000, the disclosure of which is hereby incorporated herein by 
reference. 

Field of the Invention 

The present invention relates generally to methods of manufacturing integrated 
circuit devices and integrated circuit devices manufactured using same, and, more 
particularly, to reducing the diffusion of impurities, such as hydrogen, into integrated 
circuit device layers during manufacturing. 

Background of the Invention 

Ferroelectric capacitors may be used in integrated circuit memory devices. 
Specifically, non- volatile integrated circuit memory devices often make use of the 
remnant polarization (P r ) phenomenon of a ferroelectric layer, which corresponds to 
the concept of a binary memory. Two materials that are commonly used to form 
ferroelectric layers are PZT(Pb(Zr, Ti)0 3 ) and SBT(SrBi 2 Ta 2 0 9 ). 

A potential problem in forming a capacitor dielectric layer using a ferroelectric 
material is that the ferroelectric characteristic of the material used for the capacitor 
dielectric layer may be degraded during additional integration processes, which are 
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performed after the formation of the ferroelectric capacitor. This potential problem is 
described in more detail hereinafter. 

In manufacturing an integrated circuit memory device, the following processes 
are typically performed after the formation of a capacitor: 1) an InterLayer Dielectric 
(ILD) process, 2) an InterMetal Dielectric (IMD) process, and 3) a passivation 
process. During these processes, impurities may be generated, such as hydrogen, 
which can degrade a capacitor dielectric layer. The generated hydrogen may 
immediately infiltrate the capacitor dielectric layer during the foregoing processes or 
the hydrogen may gradually infiltrate the capacitor dielectric layer after the hydrogen 
has been introduced into an ILD layer, an IMD layer, or a passivation layer. As a 
result, the P r of the ferroelectric dielectric layer may decrease. 

For example, when an ILD process is used to form a silicon oxide interlayer 
insulation layer after a ferroelectric capacitor is formed on a semiconductor substrate, 
the dielectric layer of the capacitor may be degraded. In other words, in the process of 
forming a silicon oxide interlayer insulation layer using, for example, a plasma 
enhanced chemical vapor deposition (PECVD) method, silane (S1H4) gas and oxygen 
(O2) gas may be used. Hydrogen is generated as a by-product of the reaction between 
the silane gas and the oxygen gas. The generated hydrogen may immediately diffuse 
into the dielectric layer of the ferroelectric capacitor and degrade the dielectric layer, 
or may be introduced into an interlayer insulation layer formed from the ILD process 
and gradually degrade the capacitor dielectric layer. As a result, the P r value of the 
capacitor dielectric layer may decrease to an extent that the capacitor dielectric layer 
may lose its ferroelectric characteristics. Unfortunately, a ferroelectric dielectric layer 
may be similarly degraded as a result of performing an IMD process for forming an 
intermetal insulation layer and/or performing a passivation process for forming a 
passivation layer. 

Summary of the Invention 

According to embodiments of the present invention, an integrated circuit 
device is manufactured by exposing at least a portion of an insulation layer that 
comprises oxygen to a metal precursor that is reactive with oxygen so as to form a 
metal oxide layer on the portion of the insulation layer. The metal oxide layer may 
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reduce the diffusion of impurities, such as hydrogen, into the insulation layer, which 
may degrade the electrical characteristics of the insulation layer. 

Exposing the portion of the insulation layer to the metal precursor may 
comprise pulsing the metal precursor over the integrated circuit device for about 0.1 to 
2 seconds at a flow rate of about 50 to 300 seem, and then exposing the integrated 
circuit device to an inert gas for a duration of about 0.1 to 10 seconds and at a flow 
rate of about 50 to 300 seem. 

In accordance with further embodiments of the present invention, the 
integrated circuit device may be thermally treated in an oxygen atmosphere using a 
rapid thermal processing apparatus or a furnace type thermal processing apparatus. 
The thermal treatment may be performed at a temperature of about 400 to 600° C for a 
duration of about 10 seconds to 10 minutes. 

The metal precursor may comprise a gas selected from the following group of 
gases: TriMethyl Aluminum (TMA), DiMethyl Aluminum Hydride (DMAH), 
DiMethylEthylAmine Alane (DMEAA), TrilsoButylAluminum (TIBA), TriEthyl 
Aluminum (TEA), TaCl 5 , Ta(OC 2 H 5 )4,TiCl 4 , Ti(OC 2 H 5 ) 4 , ZrCU, HflCU, Nb(OC 2 H 5 ) 5 , 
Mg(thd)2, Ce(thd)3, and Y(thd)3, wherein thd is given by the following structural 
formula: 




The insulation layer may comprise a capacitor dielectric layer and/or may 
comprise a material selected from the following group of materials: Ti0 2 , Si0 2 , 
Ta 2 0 5 , A1 2 0 3 , BaTi0 3 , SrTi0 3 , (Ba, Sr)Ti0 3 , Bi 4 Ti 3 0 12 , PbTi0 3 , PZT((Pb, La)(Zr, 
Ti)0 3 ), and (SrBi 2 Ta 2 0 9 )(SBT). 

A second metal oxide layer may be disposed on the insulation layer and the 
first metal oxide layer to further reduce the diffusion of impurities, such as hydrogen, 
into the insulation layer due to subsequent integration processing operations. 

The second metal oxide layer may be formed by pulsing a second metal 
precursor over the integrated circuit device, exposing the integrated circuit device to 
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an inert gas, pulsing oxygen gas over the integrated circuit device, and then exposing 
the integrated circuit device to an inert gas. In accordance with particular 
embodiments of the present invention, the second metal oxide layer may be denser 
than the first metal oxide layer. 

Brief Description of the Drawings 

Other features of the present invention will be more readily understood from 
the following detailed description of specific embodiments thereof when read in 
conjunction with the accompanying drawings, in which: 

FIGS. 1-4 are cross-section views that illustrate methods of manufacturing 
integrated circuit devices that include a metal oxide layer to reduce the diffusion of 
impurities and integrated circuit devices manufactured using same in accordance with 
various embodiments of the present invention; 

FIG. 5 is a graph that illustrates a result of analyzing an integrated circuit 
device manufactured in accordance with an embodiment of the present invention 
using X-ray photoelectron spectroscopy (XPS); and 

FIG. 6 is a graph that illustrates remnant polarization values of ferroelectric 
dielectric layers in integrated circuit devices manufactured in accordance with 
embodiments of the present invention. 

Detailed Description of Preferred Embodiments 

While the invention is susceptible to various modifications and alternative 
forms, specific embodiments thereof are shown by way of example in the drawings 
and will herein be described in detail. It should be understood, however, that there is 
no intent to limit the invention to the particular forms disclosed, but on the contrary, 
the invention is to cover all modifications, equivalents, and alternatives falling within 
the spirit and scope of the invention as defined by the claims. Like numbers refer to 
like elements throughout the description of the figures. It will also be understood that 
when an element, such as a layer, region, or substrate, is referred to as being "on" 
another element, it can be directly on the other element or intervening elements may 
be present. In contrast, when an element is referred to as being "directly on" another 
element, there are no intervening elements present. 
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Referring to FIGS. 1 -3, methods of manufacturing integrated circuit devices 
that include a metal oxide layer to reduce the diffusion of impurities and integrated 
circuit devices manufactured using same, in accordance with embodiments of the 
present invention, will now be described. As shown in FIG. 1, a capacitor C is 
5 formed on a semiconductor substrate S. The capacitor C comprises a lower electrode 
100, a capacitor dielectric layer 110, and an upper electrode 120, which are 
sequentially stacked as shown. The semiconductor substrate S comprises a device 
isolation layer 130 for defining an active region; a field effect transistor T, which 
comprises a gate electrode 160, an underlying gate oxide layer 140 interposed between 

10 the gate electrode 160 and the semiconductor substrate S, nitride spacers 150 disposed 
on the sidewalls of the gate electrode 160, and source and drain regions 170 and 171; 
an interlayer insulation layer 180 on the device isolation layer 130 and the field effect 
transistor T; and a contact plug 190 formed in the interlayer insulation layer 180 and 
electrically connected to the source region 170. 

1 5 The semiconductor substrate S may be prepared by conventional methods. 

Although not shown, other elements besides the above-mentioned elements may be 
provided on the semiconductor substrate S. For example, an interface layer may be 
interposed between the interlayer insulation layer 180 and the lower electrode 100, 
and between the contact plug 190 and the lower electrode 100. The interface layer 

20 may include an adhesive layer and a diffusion-preventing layer, which are sequentially 
stacked. The adhesive layer may comprise a material layer for enhancing the adhesive 
strength between the interlayer insulation layer 180 and the diffusion preventing layer, 
and between the contact plug 190 and the diffusion preventing layer. For example, the 
adhesive layer may be a transition metal layer (e.g., a Ti layer). The diffusion 

25 preventing layer may prevent a material layer formed on the interface layer from 

reacting with the contact plug 190 during subsequent processing and may also prevent 
the contact plug 190 from degrading due to the diffusion of oxygen during subsequent 
processing performed in an oxygen atmosphere. For example, the diffusion- 
preventing layer may be a nitride layer (e.g. , a TiN layer) of a transition metal. In 

30 addition, a capping insulation layer comprising a nitride layer may be formed on the 
surface of the gate electrode 160. 
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The lower electrode 100 and the upper electrode 120 may each be, for 
example, a metal layer, a conductive metal oxide layer, or a compound of a metal 
layer and a metal oxide layer. The metal layer may be, for example, a Pt layer, a Ir 
layer, a Ru layer, a Rh layer, a Os layer, or a Pd layer. The conductive metal oxide 
5 layer may be, for example, a I1O2 layer, a RuC>2 layer, a (Ca, Sr)Ru0 3 layer, or a 
LaSrCoC>3 layer. For example, the lower electrode 100 may be a Pt layer, and the 
upper electrode 120 may be a double layer in which an IrC>2 layer and an Ir layer are 
sequentially stacked. 

The capacitor dielectric layer 110 may be a TiC>2 layer, a Si0 2 layer, a Ta 2 05 

10 layer, a A1 2 0 3 layer, a BaTi0 3 layer, a SrTi0 3 layer, a (Ba, Sr)Ti0 3 layer, a Bi 4 Ti 3 Oi 2 
layer, a PbTi0 3 layer, a PZT((Pb, La)(Zr, Ti)0 3 ) layer, a (SrBi 2 Ta 2 0 9 )(SBT) layer, or 
a compound layer of two or more of the foregoing materials. 

Referring now to FIG. 2 an enlarged view of portion II of FIG. 1 is shown in 
which a metal oxide layer, such as an AI2O3 layer, is selectively formed on the 

1 5 capacitor dielectric layer 1 10 in accordance with embodiments of the present 
invention. The semiconductor substrate S is loaded in atomic layer deposition 
equipment (not shown) and is heated to a temperature of about 100 - 400° C, 
preferably, about 300° C, under a state in which the pressure of a reaction chamber is 
maintained at about 0.1-1 torr. 

20 An atomic layer deposition process is then performed using a metal precursor 

gas as a pulsing gas, which is reactive with oxygen, and an inert gas as a purge gas. In 
more detail, a metal precursor, such as an aluminum precursor, is pulsed over the 
surface of the semiconductor substrate S. The aluminum precursor may be TriMethyl 
Aluminum (TMA), DiMethylAluminum Hydride (DMAH), DiMethylEthylAmine 

25 Alane (DMEAA), TrilsoButylAluminum (TIBA), TriEthyl Aluminum (TEA), or a 

mixture of two or more of the foregoing gases. The pulsing time may be about 0.1-2 
seconds and the pulsing flow rate may be about 50-300 seem. The aluminum 
precursor is preferably pulsed together with a carrier gas such as argon gas. 

Instead of using an aluminum precursor as the metal precursor for the atomic 

30 layer deposition process other gases may be used in accordance with embodiments of 
the present invention. For example, TaCls or Ta(OC2H 5 ) 4 may be used as a tantalum 
precursor; TiCU or Ti(OC 2 Hs)4 may be used as a titanium precursor; ZrCU may be 
used as a zirconium precursor; HfCU may be used as a hafnium precursor; 
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Nb(OC 2 H 5 )5 may be used as a niobium precursor; Mg(thd)2 may be used as a 
magnesium precursor; Ce(thd)3 may be used as a cerium precursor; and Y(thd)3 may 
be used as a yttrium precursor. The structural formula of "thd" is as follows: 



The pulsed aluminum precursor is chemically or physically adsorbed by the 
surface of the semiconductor substrate S. Because the aluminum precursor is reactive 
with oxygen, it tends to change into an AI2O3 layer at the adsorption interface when it 
is adsorbed by a material layer containing oxygen. In particular, the exposed surface 
of the capacitor dielectric layer 110 may chemically adsorb the aluminum precursor as 
structural atoms react with the oxygen contained in the capacitor dielectric layer 110. 
As a result, an AI2O3 layer 200 is selectively formed on the exposed surface of the 
capacitor dielectric layer 110 at an atomic layer level. If, however, the upper electrode 
120 and the lower electrode 100 do not contain oxygen atoms, then the aluminum 
precursor that is chemically or physically adsorbed by the exposed portions of the 
upper and lower electrodes 120 and 100 generally does not change into a metal oxide 
layer. Although not shown, if the upper and/or lower electrodes 120 or 100 include a 
conductive metal oxide layer, such as an IrCh layer, an AI2O3 layer may be formed on 
the exposed portion of the conductive metal oxide layer at an atomic layer level. 

After selectively forming the A1 2 0 3 layer 200 exclusively on the capacitor 
dielectric layer 110 at an atomic layer level by pulsing the aluminum precursor, the 
surface of the semiconductor substrate S is purged using inert gas. The inert gas may 
be argon gas, and the purging time and flow rate of the inert gas may be about 0.5 - 10 
seconds and about 50-300 seem, respectively. When the surface of the 
semiconductor substrate S is purged with inert gas, the aluminum precursor, which 
has been physically adsorbed by surfaces of the lower electrode 100 and the upper 
electrode 120 and has not reacted with the capacitor dielectric layer 110, is 
substantially discharged from the reaction chamber. The aluminum precursor 
chemically adsorbed by surfaces of the lower electrode 100 and the upper electrode 
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120 is generally not purged and mostly remains. In accordance with embodiments of 
the present invention, however, the purge time and flow rate of the inert gas may be 
adjusted to substantially remove the metal precursor adsorbed by the surfaces of the 
upper electrode 120 and the lower electrode 100. 
5 The aluminum precursor pulsing operation and the inert gas purging operation 

constitute a single cycle of the atomic layer deposition process. The cycle may be 
repeated until an AI2O3 layer 200 T having a desired thickness is obtained. During 
succeeding cycles, an aluminum precursor reacts with oxygen atoms contained in the 
capacitor dielectric layer 110 through diffusion so that the AI2O3 layer 200 ? is 
10 continuously formed on the capacitor dielectric layer 110 at an atomic layer level. 
The aluminum precursor is adsorbed by surfaces of the upper electrode 120 and the 
lower electrode 100, and an AI2O3 layer is generally not formed thereon. 

An aluminum precursor usually contains hydrogen atoms. Accordingly, 
during a process of selectively forming an AI2O3 layer on the capacitor dielectric layer 
15 110, in accordance with embodiments of the present invention, the dielectric 
j J[ characteristics of the capacitor dielectric layer 110 may be degraded. In particular, 

! _ when the capacitor dielectric layer 110 is formed of a ferroelectric material such as a 

Q 

jfi PZT layer or a SBT layer, the ferroelectric characteristics of the capacitor dielectric 

layer 110 may be degraded due to diffusion of hydrogen contained in the aluminum 
20 precursor. For example, the remnant polarization value of the capacitor dielectric 

layer 110 may decrease. To improve the ferroelectric characteristics of the capacitor 
dielectric layer 110 and to enhance the dielectric characteristic, such as the density of 
the AI2O3 layer, thermal treatment (illustrated by arrows) may be performed in an 
oxygen atmosphere after the AI2O3 layer is formed on the capacitor dielectric layer 
25 110 to a desired thickness. In accordance with embodiments of the present invention, 
the thermal treatment may be performed in a rapid thermal processing apparatus or a 
furnace type thermal processing apparatus. When the thermal treatment is performed 
in a rapid thermal processing apparatus, the temperature may be about 400 - 600° C 
and the treatment may be performed for about 10 seconds to about 10 minutes. 
30 Referring to FIG. 3, in accordance with embodiments of the present invention, 

after the A1 2 0 3 layer 200* is selectively formed exclusively on the surface of the 
capacitor dielectric layer 110 as described above, an encapsulating layer 210 is formed 
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on the surface of the semiconductor substrate S and the capacitor C. The 
encapsulating layer 210 may comprise a metal oxide and may prevent hydrogen from 
diffusing into the capacitor dielectric layer 110 during a subsequent InterLayer 
Dielectric (HX>) process, InterMetal Dielectric (IMD) process, and/or passivation 
process. In accordance with particular embodiments of the present invention, the 
encapsulating layer 210 may have a density associated therewith that is greater than 
the density of the layer 200\ Because the semiconductor substrate S on which the 
encapsulating layer 210 is formed has the capacitor C on the surface thereof, it has a 
generally large surface topology. Accordingly, the encapsulating layer is preferably 
formed using an atomic layer deposition method. 

A single cycle for forming the encapsulating layer 210 as an AI2O3 layer may 
comprise the following operations: 1) pulsing aluminum source gas over the surface 
of the semiconductor substrate S, 2) purging with inert gas, 3) pulsing oxygen source 
gas, and 4) purging with inert gas. The cycle is repeated until the encapsulating layer 
210 reaches a desired thickness. One of the aluminum precursors discussed above 
may be used as the aluminum source gas. H2O gas, O3 gas or N2O gas may be used as 
the oxygen source gas. Argon gas may be used as the inert gas. 

In accordance with embodiments of the present invention, when TMA gas, 
H 2 0 gas, and argon gas are used as the aluminum source gas, the oxygen source gas, 
and the inert gas, respectively, the pulsing time of the TMA gas may be about 0.1-2 
seconds, the pulsing time of the H 2 0 gas may be about 0. 1 - 2 seconds, the purging 
time and flow rate of the argon gas may be about 1-10 seconds and about 50 - 300 
seem, respectively, and the temperature of the semiconductor substrate S may be 
about 300° C. 

In accordance with embodiments of the present invention discussed 
hereinabove, an AI2O3 layer is selectively formed on a capacitor dielectric layer 110 
that may reduce diffusion of impurities into the dielectric layer 110. The layer 200' 
and the encapsulating layer 210 may comprise Ta, Ti, Zr, Mg, Ce, Y, Nb, Hf, Sr, or 
Ca. In this case, a metal precursor containing Ta, Ti, Zr, Mg, Ce, Y, Nb, Hf, Sr or Ca 
may be used in the aluminum precursor pulsing operation of the first embodiment. 

With reference to FIG. 4, methods of manufacturing integrated circuit devices 
that include a metal oxide layer to reduce the diffusion of impurities and integrated 
circuit devices manufactured using same, in accordance with further embodiments of 
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the present invention, will be described hereafter. As shown in FIG. 4, an integrated 
circuit devices comprises a semiconductor substrate S, a conductive region 220, which 
contains little or no oxygen, an interlayer insulation layer 230, which is disposed on 
the conductive region 220 and contains oxygen, and an opening 240, which exposes 
5 the conductive region 220. The conductive region 220 may be the upper or lower 
electrode of a capacitor, a gate electrode, a bit line, a word line, or the lower 
conductive line of a multi-layered interconnection layer. The interlayer insulation 
layer 230 may be a silicon oxide layer or a silicon oxynitride layer. 

Subsequently, a metal oxide layer 250 (e.g., an AI2O3 layer) is selectively 
10 formed on the exposed surface of the interlayer insulation layer 230 using atomic layer 
deposition as discussed hereinabove with respect to FIGS. 1 - 3. In accordance with 
p embodiments of the present invention, the oxide layer may comprise alternative 

;§ metals, such as Ta, Ti, Zr, Mg, Ce, Y, Nb, Hf, Sr, or Ca. A thermal treatment may be 

*p performed in an oxygen atmosphere after the metal oxide layer 250 is selectively 

15 formed to enhance the dielectric characteristic of the metal oxide layer 250. 

When the metal oxide layer 250 is selectively formed exclusively on the 
exposed surface of the interlayer insulation layer 230, the metal oxide layer 250 can 
inhibit substances that can degrade a semiconductor device by diffusing to structures 
below the metal oxide layer 250 during subsequent processes of forming material 
O 20 layer(s) on the interlayer insulation layer 230. Examples of integrated circuit devices 
formed in accordance with embodiments of the present invention are described 
hereafter. 
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Example 1 

25 A capacitor, in which a Pt layer (a lower electrode), a PZT layer (a capacitor 

dielectric layer), and an Ir/Ir0 2 layer (an upper electrode) were sequentially stacked, 
was formed on a semiconductor substrate. Thereafter, the semiconductor substrate 
was loaded in an atomic layer deposition apparatus, and a stabilizing step was 
performed such that the pressure of a chamber was maintained at about 0.1-1 torr, 

30 and the temperature of the semiconductor substrate was maintained at about 300° C. 
Next, an atomic layer deposition process cycle, as discussed above with respect to 
FIG. 2, was repeated 100 times and a test sample was obtained. TMA gas was used 
as an aluminum precursor and the pulsing time in each cycle was about 0.1 second. 
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Argon gas was used as a purge gas, and the purging time in each cycle was about 1 
second. After obtaining the sample through the above series of steps, an X-ray 
photoelectron spectroscopy analysis was performed on the integrated circuit device to 
check whether an AI2O3 layer was formed on the capacitor dielectric layer. The result 
of the analysis is shown in FIG. 5. In FIG. 5, the horizontal axis denotes binding 
energy and the vertical axis denotes arbitrary intensity. Referring to FIG. 5, an 
aluminum 2p peak (see HI) indicating binding energy between aluminum and oxygen 
may be observed. Accordingly, these results indicate that an AI2O3 layer was 
selectively formed on the capacitor dielectric layer of the sample. In particular, 
because oxygen source gas was not pulsed, it can be inferred that the oxygen 
contained in the AI2O3 layer was supplied by the capacitor dielectric layer. 



Example 2 

A capacitor pattern was formed on a semiconductor substrate as discussed 
hereinabove with respect to FIGS. 1-3 and a Sample 1 and a Sample 2 were 
separately manufactured. Thereafter, the following operations were sequentially 
performed on the Samples 1 and 2, and the remnant polarization values of their 
capacitor dielectric layers were measured after completion of each operation. The 
results of the measurements are shown in FIG. 6. In FIG. 6, the horizontal axis 
denotes the operations performed on the Samples 1 and 2, and the vertical axis 
denotes the remnant polarization values. 

Sample 1 

In step Ai, an A1 2 0 3 layer was selectively formed on a capacitor dielectric 
layer as discussed hereinabove with respect to FIGS. 1-3. The process conditions of 
step Ai were approximately the same as those used in Example 1 . Thereafter, in step 
A2, the semiconductor substrate was loaded in a rapid thermal processing apparatus 
and thermally treated for about 10 seconds at a temperature of about 700° C in an 
oxygen atmosphere. Next, in step A3, an AI2O3 layer that encapsulates the capacitor 
pattern was formed as discussed hereinabove with respect to FIGS. 1-3. TMA gas, 
H 2 0 gas, and argon gas were used as the aluminum source gas, the oxygen source gas, 
and the purge gas, respectively. The pulsing time of the TMA gas was about 0.5 
seconds. The pulsing time of the H 2 0 gas was about 0.3 seconds. The purging time 
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and purging flow rate of the argon gas were about 6 seconds and about 150 seem, 
respectively. The temperature of the wafer was about 300° C. 
Sample 2 

In step Bi, a semiconductor substrate including a capacitor disposed thereon 
was loaded in a rapid thermal processing apparatus and thermally treated. The process 
conditions of step Bi were the same as those of step A2. Thereafter, in step B 2 , an 
AI2O3 layer was formed that encapsulates the capacitor. The process conditions of 
step B2 were the same as those of step A 3 . 

Referring now to FIG. 6, the remnant polarization value of the capacitor 
dielectric layer in Sample 1 decreases a little after step Ai due to the influence of the 
TMA gas and the H 2 0 gas, which contain hydrogen. The remnant polarization value, 
however, increases over the initial value after performing the rapid thermal process in 
an oxygen atmosphere in step A 2 . Although the remnant polarization value decreases 
a little after encapsulating the capacitor in step A3, the decreased remnant polarization 
value is almost the same as the initial value. The remnant polarization value of the 
capacitor dielectric layer in Sample 1 rarely decreased even though TMA gas and H2O 
gas, which contain hydrogen, were used in step A3. 

The remnant polarization value of the capacitor dielectric layer in Sample 2 
increases over the initial value after performing a rapid thermal process in an oxygen 
atmosphere in step Bi. The remnant polarization value greatly decreases with respect 
to Sample 1, however, after encapsulating the capacitor in step B 2 . 

Sample 1 is different from Sample 2 in that it has a selectively formed metal 
oxide layer that has been thermal-treated in an oxygen atmosphere. In contrast with 
Sample 2, the remnant polarization value in Sample 1 did not decrease even though 
Sample 1 had undergone Step A3 in which hydrogen-base gas was supplied. This 
suggests that the thermal-treated metal oxide layer effectively reduced the diffusion of 
hydrogen into the capacitor dielectric layer. Accordingly, the thermal-treated metal 
oxide layer may reduce diffusion of hydrogen into the capacitor dielectric layer in 
subsequent ELD, EVLD, and passivation processes. 

Although the invention has been described with reference to exemplary 
embodiments, it will be apparent to one of ordinary skill in the art that modifications 
of the described embodiments may be made without departing from the spirit and 
scope of the invention. For example, principles of the present invention may be 
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applied when selectively forming a metal oxide layer exclusively on the exposed 
surface of a gate oxide layer in a gate electrode pattern. 

According to embodiments of the present invention, a metal oxide layer may 
be selectively formed exclusively on an insulation layer containing oxygen. In 
5 particular, by encapsulating a capacitor of a semiconductor memory device using an 
atomic layer deposition method, in accordance with embodiments of the present 
invention, the degradation of a capacitor dielectric layer may be reduced, even if a 
source gas containing hydrogen is used. In addition, degradation of a capacitor 
dielectric layer due to diffusion of hydrogen during an LLD process, an 1MD process, 
10 or a passivation process, which are performed after encapsulating the capacitor, may 
be effectively reduced. 

In concluding the detailed description, it should be noted that many variations 
*0 and modifications can be made to the preferred embodiments without substantially 

iO departing from the principles of the present invention. All such variations and 

\Z 15 modifications are intended to be included herein within the scope of the present 
jM invention, as set forth in the following claims. 
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